Out-of-Hospital Cardiac Arrest in Patients With and Without Psychiatric Disorders:Differences in Use of Coronary Angiography, Coronary Revascularization, and Implantable Cardioverter-Defibrillator and Survival by Barcella, Carlo Alberto et al.
 
  
 
Aalborg Universitet
Out-of-Hospital Cardiac Arrest in Patients With and Without Psychiatric Disorders
Differences in Use of Coronary Angiography, Coronary Revascularization, and Implantable
Cardioverter-Defibrillator and Survival
Barcella, Carlo Alberto; Mohr, Grimur Høgnason; Kragholm, Kristian Hay; Gerds, Thomas
Alexander; Jensen, Svend Eggert; Polcwiartek, Christoffer; Wissenberg, Mads; Lippert,
Freddy Knudsen; Torp-Pedersen, Christian; Kessing, Lars Vedel; Gislason, Gunnar Hilmar;
Søndergaard, Kathrine Bach
Published in:
Journal of the American Heart Association
DOI (link to publication from Publisher):
10.1161/JAHA.119.012708
Creative Commons License
CC BY-NC-ND 4.0
Publication date:
2019
Document Version
Publisher's PDF, also known as Version of record
Link to publication from Aalborg University
Citation for published version (APA):
Barcella, C. A., Mohr, G. H., Kragholm, K. H., Gerds, T. A., Jensen, S. E., Polcwiartek, C., Wissenberg, M.,
Lippert, F. K., Torp-Pedersen, C., Kessing, L. V., Gislason, G. H., & Søndergaard, K. B. (2019). Out-of-Hospital
Cardiac Arrest in Patients With and Without Psychiatric Disorders: Differences in Use of Coronary Angiography,
Coronary Revascularization, and Implantable Cardioverter-Defibrillator and Survival. Journal of the American
Heart Association, 8(16), 1-11. [e012708]. https://doi.org/10.1161/JAHA.119.012708
General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            ? Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            ? You may not further distribute the material or use it for any profit-making activity or commercial gain
            ? You may freely distribute the URL identifying the publication in the public portal ?
Out-of-Hospital Cardiac Arrest in Patients With and Without
Psychiatric Disorders: Differences in Use of Coronary
Angiography, Coronary Revascularization, and Implantable
Cardioverter-Defibrillator and Survival
Carlo Alberto Barcella, MD; Grimur Høgnason Mohr, MD; Kristian Hay Kragholm, MD, PhD; Thomas Alexander Gerds, PhD; Svend Eggert
Jensen, MD, PhD; Christoffer Polcwiartek, MD; Mads Wissenberg, MD, PhD; Freddy Knudsen Lippert, MD; Christian Torp-Pedersen, MD,
DSc; Lars Vedel Kessing, MD; Gunnar Hilmar Gislason, MD, PhD; Kathrine Bach Søndergaard, MD, PhD
Background-—Healthcare disparities for psychiatric patients are common. Whether these inequalities apply to postresuscitation
management in out-of-hospital cardiac arrest (OHCA) is unknown. We investigated differences in in-hospital cardiovascular
procedures following OHCA between patients with and without psychiatric disorders.
Methods and Results-—Using the Danish nationwide registries, we identified patients admitted to the hospital following OHCA of
presumed cardiac cause (2001–2015). Psychiatric disorders were identified using hospital diagnoses or redeemed prescriptions for
psychotropic drugs. We calculated age- and sex-standardized incidence rates and incidence rate ratios (IRRs) of cardiovascular
procedures during post-OHCA admission in patients with and without psychiatric disorders. Differences in 30-day and 1-year survival
were assessed by multivariable logistic regression in the overall population and among 2-day survivors who received acute coronary
angiography (CAG). We included 7288 hospitalized patients who had experienced an OHCA: 1661 (22.8%) had a psychiatric disorder.
Compared with patients without psychiatric disorders, patients with psychiatric disorders had lower standardized incidence rates for
acute CAG (≤1 day post-OHCA) (IRR, 0.51; 95% CI, 0.45–0.57), subacute CAG (2–30 days post-OHCA) (IRR, 0.40; 95% CI, 0.30–0.52),
and implantable cardioverter-defibrillator implantation (IRR, 0.67; 95% CI, 0.48–0.95). Conversely, we did not detect differences in
coronary revascularization among patients undergoing CAG (IRR, 1.11; 95% CI, 0.94–1.30). Patients with psychiatric disorders had
lower survival even among 2-day survivors who received acute CAG: (odds ratio of 30-day survival, 0.68; 95% CI, 0.52–0.91; and 1-year
survival, 0.66; 95% CI, 0.50–0.88).
Conclusions-—Psychiatric patients had a lower probability of receiving post-OHCA CAG and implantable cardioverter-defibrillator
implantation compared with nonpsychiatric patients but the same probability of coronary revascularization among patients
undergoing CAG. However, their survival was lower irrespective of angiographic procedures. ( J Am Heart Assoc. 2019;8:
e012708. DOI: 10.1161/JAHA.119.012708.)
Key Words: cardiovascular procedures • healthcare disparities • in-hospital post-arrest management • out-of-hospital cardiac
arrest • psychiatric disorders
A n aggressive and prompt postresuscitation managementcan double the chances of long-term survival following out-of-hospital cardiac arrest (OHCA).
1,2 Invasive cardiovascular
procedures are key components of postarrest manage-
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ORIGINAL RESEARCH
ment considering that ischemic heart disease represents the
most common cause of OHCA.1,3 Patients with psychiatric
disorders are at higher risk of cardiovascular morbidity and
mortality, and sudden cardiac arrest, primarily attributable to
acute coronary events, markedly contributes to their
substantial shorter life expectancy compared with the
general population.4–7
Disparities in healthcare provision between patients with and
without a known psychiatric disorder have been documented
worldwide. They concern both medical and invasive cardiovas-
cular treatments and contribute to the excess cardiovascular
mortality in such patients.7–10 These inequalities have been
attributed to various factors such as mental health stigma,
diagnostic overshadowing, low treatment compliance, andhigher
rates of complications after invasive procedures.7,9,11
Whether an inequitablemanagement also occurs in relation to
a life-threatening condition such as OHCA is unknown. This
prompted us to determine possible differences in selected
postresuscitation cardiovascular procedures: coronary angiog-
raphy (CAG), coronary revascularization, and implantable car-
dioverter-defibrillator (ICD) implantation in patients who
experience OHCA with and without psychiatric disorders.
Methods
The data, analytical methods, and study materials cannot be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.
Data Sources and Definitions
All OHCAs from June 2001 through December 2015 were
identified from the nationwide Danish Cardiac Arrest Regis-
try.12 OHCA was defined when a clinical condition of cardiac
arrest resulted in cardiopulmonary resuscitation (CPR), either
by a bystander or emergency medical services personnel. The
presumed cause of OHCA was defined using death certificates
and discharge diagnoses from the index hospitalization.
Cardiac disease, unknown disease, or unexpected collapse
was defined as presumed cardiac cause of arrest.12
In Denmark, every citizen is provided a permanent and
unique civil registration number upon birth or immigration,
which permits individual-level identification across the nation-
wide registries. Information on sex and age was retrieved from
the Danish Civil Registration System. Household income was
found through Statistics Denmark. Information on hospital
admission and in-hospital procedures was obtained from the
Danish National Patient Registry, where diagnoses are
encoded according to the International Classification of
Diseases (ICD), until 1994 the International Classification of
Diseases, Eighth Revision (ICD-8) and from 1994 the Interna-
tional Classification of Diseases, Tenth Revision (ICD-10). Vital
status and information on causes of death, including primary
and contributing causes, were retrieved from the Danish
Register of Causes of Death; information on psychiatric
hospitalizations and ambulatory contacts from the Danish
Psychiatric Central Research Register; and information on
claimed drug prescriptions from the National Prescription
Register, where medications are classified according to the
international Anatomical Therapeutic Chemical classification
system.
Study Population
We included all patients between 18 and 100 years of age
with OHCA of presumed cardiac cause who received an
inpatient hospital admission following OHCA. Patients with
emergency medical services–witnessed arrest, those declared
dead before hospital arrival, and those who died in the
emergency department were excluded (Figure 1).
Patients were classified as having psychiatric disorders if
they either:
1. Had a hospital-based psychiatric discharge diagnosis
(primary or secondary) or an ambulatory contact diagnosis
from either the Danish Psychiatric Central Research
Clinical Perspective
What Is New?
• Patients with psychiatric disorders who experience out-
of-hospital cardiac arrest have a 50% reduced chance of
receiving a coronary angiography and 30% reduced
chance of having an implantable cardioverter-defibrillator
implanted in the postarrest hospitalization compared
with patients without psychiatric disorders but the same
probability of coronary revascularization among patients
undergoing coronary angiography.
• Patients with psychiatric disorders have lower short- and
long-term postarrest survival irrespective of acute cardio-
vascular procedures.
What Are the Clinical Implications?
• A better understanding of the causes underlying cardiac
arrest in patients with psychiatric disorders is warranted to
tailor a more suitable postresuscitation management con-
sidering their special characteristics and their high postar-
rest mortality.
• Considering the large burden of cardiovascular morbidity
and mortality within psychiatric disorders, an aggressive
cardiovascular postarrest management, equal to the general
population, is required in case of out-of-hospital cardiac
arrests of presumed cardiac cause.
• Future works should focus on the reasons behind these
treatment inequalities, especially from the healthcare
providers’ side.
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Registry or the Danish National Patient Registry up to
10 years before OHCA. The ICD codes used are summa-
rized in Table S1 (dementia, mental organic disorders, and
acute substance intoxication were not regarded as
psychiatric disorders).
or
2. Redeemed prescriptions for psychotropic drugs (either
antidepressants, antipsychotics, or lithium; see Table S2)
within 90 days before OHCA without having a hospital
psychiatric diagnosis. These individuals represent a group
of psychiatric patients treated in the primary sector, not
reported in the hospital-based registries.
In subanalyses, patients with psychiatric disorders were
divided into 3 mutually exclusive subgroups according to the
severity of the psychiatric disorder, as done previously13:
1. Severe mental illness (SMI)7: identified by hospital
discharge diagnoses.
2. Minor psychiatric disorders (including substance-induced
mental disorders and other psychiatric disorders not encom-
passed in SMI): identified by hospital discharge diagnoses.
3. Patients who redeemed psychotropic drugs without having
a hospital psychiatric contact.
The codes employed to classify patients with SMI and
minor psychiatric disorders are listed in Table S1. If >1
diagnosis was present, the patient was assigned to
the most severe subgroup in accordance with the
diagnostic hierarchical order in the psychiatric ICD-10
classification.13
The Charlson score was determined using discharge
diagnosis codes up to 10 years before OHCA.14 As a proxy
for diabetes mellitus, we identified redeemed prescriptions for
antidiabetic drugs within 180 days before OHCA.14 Socioe-
conomic status was defined according to the average family
income for the past 5 years before OHCA and was grouped
into tertiles (low, middle, and high).15
Outcomes
Cardiovascular procedures following OHCA
We examined:
1. Acute CAG: within 0 to 1 day after OHCA.
2. Subacute CAG: between 2 and 30 days after OHCA.
In addition, among patients who received a CAG, we
evaluated the composite outcome of coronary revasculariza-
tion, encompassing coronary artery bypass graft and percu-
taneous coronary intervention (PCI).
Among ICD-na€ıve patients surviving to discharge, we
examined the rate of ICD implantation during index hospital-
ization excluding patients with acute myocardial infarction
(I21–24) as presumed cause of OHCA, those who received
coronary revascularization during the index hospitalization
and patients with nonshockable or unknown initial cardiac
rhythm (Figure S1).15,16 Patients with ischemic heart disease
as the presumed cause of OHCA were excluded from this
analysis, as the ICD implantation in such patients is not
always required and, if indicated, often postponed to a later
phase, for example, following uptitration of anticongestive
medication.16
Coronary revascularization and ICD implantation were
evaluated during the index admission up to 30 days after
OHCA, with the starting point at the day of hospitalization for
OHCA. A patient contributed to the analysis only if still alive,
still hospitalized, and if the outcome of interest was not met.
The codes used for cardiovascular procedures are listed in
Table S3.
Survival Outcomes
We assessed differences in 30-day and 1-year-survival
between patients with and without psychiatric disorders in
the overall population and in 2-day survivors who received an
acute CAG.
Figure 1. Patient selection. EMS indicates emer-
gency medical services; OHCA, out-of-hospital
cardiac arrest.
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Statistics
We computed age- and sex-standardized incidence rates (SIRs),
and relative incidence rate ratios (IRRs), for acute CAG, subacute
CAG, coronary revascularization, and ICD implantation in
patients with and without psychiatric disorders.17 SIRs were
standardized to the sex and age distribution only of patients
included in the respective analysis/subanalysis, using the
following age-groups: <60, 60 to 69, 70 to 79, and ≥80 years.
To account for differences in baseline characteristics in
patients with and without psychiatric disorders, we repeated
analyses for acute and subacute CAG in subsets of patients
defined by the presence of factors potentially influencing the
execution of a CAG15,18,19:
Table. Patient and Arrest Characteristics According to Psychiatric Status—Overall Population
Characteristic
Patients Without
Psychiatric Disorders
Patients With
Psychiatric Disorders P Value Missing Data (%)*
Total patients 5627 (77.2) 1661 (22.8)
Median age (IQR), y 68 (58–76) 67 (56–76) 0.210 0
Men, n (%) 4311 (76.6) 997 (66.0) <0.001 0
Charlson score, n (%)
0 2727 (48.5) 483 (29.1) <0.001 0
1 1128 (20.1) 366 (22.0)
≥2 1772 (31.5) 812 (48.9)
Antipsychotics, n (%) 0 (0.0) 384 (23.1) <0.001 0
Antidepressants, n (%) 0 (0.0) 1063 (64.0) <0.001 0
Anxiolytics, n (%) 242 (4.3) 354 (21.3) <0.001 0
Living alone—yes, n (%) 1604 (28.6) 823 (49.7) <0.001 31 (0.4)
Socioeconomic status
Low tertile, n (%) 1672 (29.7) 757 (45.6) <0.001 0
Medium tertile, n (%) 1850 (32.9) 580 (34.9)
High tertile, n (%) 2105 (37.4) 324 (19.5)
OHCA factors
Arrest in private home, n (%) 2973 (58.1) 1012 (66.7) <0.001 655 (8.9)
Bystander-witnessed arrest, n (%) 4167 (76.5) 1103 (69.4) <0.001 251 (3.4)
Bystander CPR, n (%) 3385 (62.1) 890 (55.9) <0.001 241 (3.3)
Bystander defibrillation, n (%) 394 (7.6) 63 (4.2) <0.001 593 (8.1)
Median time interval from recognition
of OHCA to EMS arrival, min (IQR)
10 (6–14) 10 (6–14) 0.967 1091 (14.9)
Initial shockable rhythm, n (%) 3523 (65.2) 615 (38.9) <0.001 301 (4.1)
ROSC at hospital arrival, n (%) 3574 (70.0) 1026 (69.7) 0.139 711 (9.8)
Outcome
30-day survival, n (%) 2385 (42.4) 453 (27.3) <0.001 0
1-y survival, n (%) 2214 (39.4) 382 (23.0) <0.001 0
In-hospital procedure
CAG 2673 (47.5) 438 (26.4) <0.001 0
Acute CAG† 2076 (36.9) 370 (22.3) <0.001 0
Subacute CAG‡ 597 (10.6) 68 (4.1) <0.001 0
Note: In the calculation of percentages, we included only observations with data for the covariate involved. CAG indicates coronary angiography; CPR, cardiopulmonary resuscitation; EMS,
emergency medical system; IQR, interquartile range; OHCA, out-of-hospital cardiac arrest; ROSC, return of spontaneous circulation.
*Expressed as percentage of the entire population (7288 patients with OHCA).
†≤24 h from OHCA.
‡During the index hospitalization from >24 h (ie, day 2) up to day 30 following OHCA.
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1. Patients with witnessed OHCA who received bystander
CPR.
2. Patients with initial shockable rhythm.
3. Patients with return of spontaneous circulation (ROSC)
upon hospital arrival.
4. Patients with initial shockable rhythm and ROSC upon
hospital arrival.
5. Stratifying by socioeconomic status.
6. Stratifying by burden of comorbidity (Charlson score).
7. Separately for men and women.
8. Separately for 2 calendar-year groups: 2001 to 2007 and
2008 to 2015.
Moreover, since guidelines have specific recommenda-
tions for acute cardiovascular interventions in case of ST-
segment elevation myocardial infarction (STEMI) on the
postresuscitation ECG,3,20 using previously validated ICD-10
diagnosis codes,21 we conducted a sensitivity analysis only
among patients with STEMI as the presumed cause of
OHCA.
The association between procedure outcomes (CAG, coro-
nary revascularization, and ICD implantation) and psychiatric
status was further assessed using Cox regression models (with
death as competing risk) adjusted for age, sex, Charlson score,
socioeconomic status, year of OHCA, and OHCA factors
(location of arrest, witnessed status, initial cardiac rhythm,
bystander CPR, and ROSC upon hospital arrival).
We used multivariable logistic regression to assess the
association between psychiatric disorders and survival status
at 30 days and 1 year following OHCA adjusted for sex, age,
Charlson score, socioeconomic status, year of arrest, and
prehospital OHCA characteristics (location of arrest, wit-
nessed status, bystander CPR, initial cardiac rhythm, and
ROSC upon hospital arrival). The analysis was conducted in
the overall population (landmark point: day of OHCA) and
among 2-day survivors who received acute CAG (landmark
point, 2 days after OHCA).
Missing data were handled by multiple imputation based on
200 imputed data sets based on fully conditional specification
using the smcfcs package in R (R Development Core Team),22
and the estimates were combined using Rubin’s rule.
We conducted sensitivity analyses including only patients
who experienced OHCA for whom complete information on all
variables was available (complete case analyses).
SAS version 9.4 (SAS Institute Inc., Cary, NC) and R version
3.5.1 were used for data management and statistical
analyses.23
Ethics
The study was approved by the Danish Data Protection
Agency (Ref. no. 2007-58-0015, local ref. no. GEH-2014-017,
I-Suite.nr. 02735). The information on the study population
was encrypted and rendered anonymous by Statistics Den-
mark. For observational studies based on anonymous data in
Denmark, informed consent and ethical approval is not
required.
Results
We included 7288 patients; 1661 (22.8%) had a psychiatric
disorder (Figure 1). Baseline and prehospital OHCA charac-
teristics of the study population are presented in Table (in
Table S4 stratified by subgroups of psychiatric disorder).
Coronary Angiography
In total, 3111 (42.7%) patients underwent a CAG during the
index hospitalization: 26.4% of the psychiatric population and
47.5% of the nonpsychiatric population (Figure 2). The
majority of CAG was performed acute in both populations
(Figure 2). SIRs for acute and subacute CAG were lower for
patients with psychiatric disorders compared with patients
without psychiatric disorders: IRR. 0.51 (95% CI, 0.45–0.57)
and 0.40 (95% CI, 0.30–0.52), respectively (Figure 3). Similar
results were seen when we stratified by the subgroups of
psychiatric disorder (Figure 3).
Patients with psychiatric disorders were also associated with
significantly lower rates of CAG in the subset of patients with
favorable prehospital OHCA features, that is, patients with wit-
nessed OHCA who received bystander CPR, patients with initial
shockable rhythm, patients who achieved ROSC, and patients
with initial shockable rhythm who achieved ROSC (Figure S2),
and regardless of Charlson score and socioeconomic status
(Figures S3 and S4). SIRs for acute CAG increased during the
study period in both groups, but more markedly among patients
without psychiatric disorders (Figure S5). Women had lower SIRs
for CAG compared with men in both groups, but the difference
between patients with and without psychiatric disorders were
similar to main analysis in both sexes (Figure S6).
More patients without psychiatric disorders had AMI and
particularly STEMI as the presumed cause of OHCA (Table S5).
Nevertheless, even among patients who had STEMI, patients
with psychiatric disorders less often received acute CAG
(75.5% versus 86.7%) and had lower SIRs for acute CAG
compared with patients without psychiatric disorders (Fig-
ure S7). The IRR points toward a difference between the 2
groups: 0.74 (95% CI, 0.53–1.02).
Coronary Revascularization
Among patients who underwent CAG, 1772 (57.0%) received
coronary revascularization during the index hospitalization up
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to 30 days after OHCA (1578 PCI [89.1%] and 194 coronary
artery bypass graft [10.9%]): 227 (51.8%) among patients with
and 1545 (57.8%) without psychiatric disorders (Figure 2). We
did not detect any significant differences in SIRs for coronary
revascularization between the 2 groups (IRR, 1.11; 95% CI,
0.94–1.30) (Figure 4A).
Results were consistent when we investigated only rates of
PCI (data not shown); because of sample size limitations, a
separate analysis could not be performed for coronary artery
bypass graft.
Stratifying by subgroups of psychiatric disorder, we found
that patients undergoing CAG with SMI had significantly
higher SIRs for coronary revascularization compared with
patients undergoing CAG without psychiatric disorders (IRR,
1.65; 95% CI, 1.18–2.34) (Figure 4A).
ICD Implantation
A total of 942 (12.9%) patients were eligible for analysis for
ICD implantation (Figure S1). Among these patients, 461
(46.0%) had an ICD implanted during the index hospitaliza-
tion: 51 (32.5%) patients with and 410 (48.5%) without
psychiatric disorders (Figure S1). SIRs for ICD implantation
in patients with psychiatric disorders were significantly lower
compared with those in patients without psychiatric
disorders (IRR, 0.67; 95% CI, 0.48–0.95) (Figure 4B).
The subanalyses stratified by subgroups of psychiatric
disorders were not reported because of too few events to get
meaningful results.
Results From Cox Analyses
The results from multivariable analyses for CAG, coronary
revascularization, and ICD implantation did not differ from the
main results (Table S6).
Survival Outcomes
Among patients with psychiatric disorders, 453 (27.3%) and 382
(23.0%) survived at 30 days and 1 year after OHCA, respectively,
versus 2385 (42.4%) and 2214 (39.4%) patients without
psychiatric disorders. Patients with psychiatric disorders had
overall significantly lower oddsof both 30-day and 1-year survival
compared with patients without psychiatric disorders (Figure 5),
as well as when stratified by subgroups of psychiatric disorders
(Figure S8A). Among patients who received acute CAG, 330
(89.2%) patients with and 1888 (90.9%) patients without
psychiatric disorders were still alive at day 2 (Figure 2): In this
population, having a mental disorder was still associated with
lower survival (Figure 5). Particularly, stratifying by psychiatric
subgroups, patients with SMI had significantly lower chances of
both 30-day and 1-year survival (Figure S8B). Characteristics of
patients who underwent acute CAG still alive at day 2 are shown
in Table S7, and stratified by psychiatric subgroups in Table S8.
Sensitivity Analysis
The results of complete case analysis (performed in 6324
cases) did not differ from the main analysis (Figure S9).
Figure 2. Number of total patients undergoing CAG, acute and subacute CAG, and coronary
revascularization, and 2-day survivors who received acute CAG during index hospitalization among patients
with and without psychiatric disorders. *Percentage of patients who received a CAG (both acute and
subacute); **Percentage of patients who received an acute CAG. CAG indicates coronary angiography.
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Discussion
In this nationwide cohort study including patients admitted to
the hospital after OHCA of presumed cardiac cause, we found
that having a psychiatric disorder was associated with lower
rates of CAG and ICD implantation during the index hospitaliza-
tion. Among patients undergoing CAG, no differences between
the 2 groups were seen in the rates of coronary revasculariza-
tion. Patients with psychiatric disorders were less likely to
survive 30 days and 1 year after OHCA both in the overall
population and among 2-day survivors who received acute CAG.
Cardiovascular Postresuscitation Care and
Psychiatric Disorders
Despite the importance of hospital-based cardiovascular pro-
cedures for outcomes following OHCA and the Danish publicly
financed healthcare system,1–3,15 we found patients with
psychiatric disorders to be significantly associated with lower
likelihood of receiving both acute and subacute CAG as well as
ICD implantation compared with psychiatric healthy patients.
Notably, autopsy studies have demonstrated that acute
coronary events attributable to ischemic heart disease
represent the most common cause of cardiac arrest regard-
less of psychiatric status.1,3,4,24 Accordingly, the rate of
coronary revascularization in patients with and without a
psychiatric disorder did not differ when a CAG was performed
in our cohort. Our psychiatric population had almost half the
probability of receiving a CAG; hence, the possibility of
underdiagnosis and undertreatment of coronary lesions
among patients who experienced OHCA with a presumed
cardiac cause seems to be high, in particular when consid-
ering the excess cardiovascular morbidity in patients with
mental disorders.6,7
Since 2006, the guidelines for management of cardiac
arrest survivors have recommended a more aggressive
postresuscitation cardiovascular intervention.16 Correspond-
ingly, we found an increase in CAG rates in both patients with
and without psychiatric disorders during the study period;
however, this increase was more pronounced in patients
without psychiatric disorders: For acute CAG, the CAG rates
Figure 3. Number of events, age- and sex-standardized incidence rates and incidence rate ratio for acute and subacute CAG in patients with
and without psychiatric disorders. In the main analysis, patients with psychiatric disorders are pooled in a single group; in subanalyses, they are
classified into 3 mutually exclusive subgroups. Unit: number of CAGs per 100 in-hospital person-days. CAG indicates coronary angiography.
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per 100 in-hospital person-days more than doubled for
psychiatric healthy patients (from 180 in the period 2001–
2007 to 427.5 in 2008–2015), while they increased from 119
to 191.5 for patients with psychiatric disorders.
While our study is the first to demonstrate such differences
in patients who had OHCA, our findings confirm previous
studies claiming an inequitable access to lifesaving proce-
dures for patients who are mentally ill, even in the setting of
A
B
Figure 4. Number of events, age- and sex-standardized incidence rates, and incidence rate ratio in patients with and without psychiatric
disorders for (A) coronary revascularization among patients experiencing OHCA who received a coronary angiography and (B) ICD implantation
among ICD-na€ıve patients surviving to discharge who had shockable initial cardiac rhythm and who did not have ischemic heart disease as the
presumed cause of arrest. Unit: number of procedures per 100 person-days in hospital. ICD indicates implantable cardioverter-defibrillator;
OHCA, out-of-hospital cardiac arrest.
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acute cardiovascular events.7–10 This disparity is advocated
as one of the major factors leading to the increasing gap in
cardiovascular mortality between patients with and without
psychiatric disorders.7,9
Causes Underlying Postresuscitation Care
Inequalities
The reasons for disparities in post-resuscitation care provision
are diverse and may be related to the patients’ pre-hospital
OHCA-factors and baseline characteristics and the treating
physicians.9 In our cohort, patients with psychiatric disorders
were more likely to have unfavorable prehospital OHCA
factors such as nonshockable heart rhythm or unwitnessed
arrest. These features may have influenced the choice of
diagnostic workup and treatment.18 However, the difference
in CAG rates remained significant in subgroups of patients
with characteristics associated with more favorable outcomes
including initial shockable rhythm and in case of
STEMI.1,3,18,20 Similarly, we found a higher burden of comor-
bidity and a lower socioeconomic status among patients with
psychiatric disorders, both factors previously shown to reduce
the chances of receiving invasive postresuscitation cardiac
procedures.15,18 Nonetheless, in subgroup analyses, psychi-
atric disorders were related to lower rates of CAG regardless
of these features.
Stigmatization of mental illness among healthcare provi-
ders is known to impact the decision of in-hospital treat-
ment.11 Accordingly, the difference between patients with and
without psychiatric disorders in rates of subacute CAG, at
which time patient-related characteristics are more known by
the clinicians, was even larger than that for acute CAG.
Various factors related to mental disorders may discourage
physicians from offering these patients invasive procedures:
higher rates of complications and postoperative mortality,
lower tolerance to intensive treatment, potential drug inter-
actions with psychotropic medications (especially sedatives
and anesthetics), poor physical condition, and self-hygiene as
well as poor adherence to the therapy.25–27
Survival Outcomes
Among patients admitted to the hospital following OHCA,
having a psychiatric disorder was significantly related to
higher short- and long-term mortality. Similarly, other studies
have previously observed a higher mortality among patients
Figure 5. Odds ratio for 30-day and 1-year survival in patients with any psychiatric disorders compared
with patients without psychiatric disorders in overall population and among patients who received acute
CAG still alive at day 2. The models are adjusted for sex, age, Charlson score, socioeconomic status, year of
arrest, and prehospital OHCA characteristics (location of arrest, witnessed status, initial cardiac rhythm,
bystander CPR, and ROSC upon hospital arrival). Reference: patients without psychiatric disorders. CAG
indicates coronary angiography; CPR, cardiopulmonary resuscitation; OHCA, out-of-hospital cardiac arrest;
ROSC, return of spontaneous circulation.
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with psychiatric disorders following an index cardiovascular
event compared with psychiatric healthy patients.10,28
A deficient postresuscitation management only partly
explains the larger mortality following OHCA associated with
psychiatric disorders. In fact, our analyses showed that the
imbalance in postarrest survival persisted when we examined
patients receiving acute CAG—a proxy for more aggressive
postarrest management. Furthermore, the difference in
survival remained despite adjustments for prehospital OHCA
factors, burden of comorbidity, and socioeconomic status.
Patients with psychiatric disorders often suffer from cogni-
tive impairment, reduced pain responsiveness, limited self-
recognition, and lack of insight of their illness, which hamper
their capacity to recognize symptoms and communicate with
healthcare givers resulting in poor compliance and delayed
diagnosis.25–27,29 Similarly, physicians may focus more dom-
inantly on alleviating psychiatric symptoms on the cost of
poorer somatic disease control and care.11 The development
during the hospital stay of delirium or other psychiatric
symptoms requiring sedation and/or a combination of psy-
chotropic medications may also lead to excess mortality.29,30
Subgroups of Psychiatric Disorders
Lower CAG rates compared with patients without psychiatric
disorders were seen for all the subgroups of psychiatric
disorders, even among patients treated in primary care
redeeming psychotropic medications.
The probability of survival following OHCA seemed to be
particularly reduced for patients with SMI regardless of the
aggressiveness of the postarrest management. In fact, these
patients are more negatively marked by their mental illness in
term of stigmatization and cognitive limitations with a likely
impact on comorbidity burden.8,10 This notion is supported by
higher rates of coronary revascularization in this subgroup
and underline the correlation between severity of psychiatric
disorder and somatic disease.6,31
Implications of the Study
Future studies should focus and shed light on the causes
underlying OHCA in patients with psychiatric disorders to
optimize their postresuscitation management. However, con-
sidering the large burden of cardiovascular morbidity and
mortality in patients with psychiatric disorders and the results
of our study and of some postmortem studies,4,5,24 an
aggressive acute cardiac postresuscitation management,
equal to the general population, could be warranted in case
of OHCAs of presumed cardiac cause. Finally, a more focused
and tailored postresuscitation management is required for
such patients considering their special characteristics and
their high postarrest mortality.
Limitations
Because of the observational nature of our study, we report
associations that are not necessarily causal. Moreover, the
Danish registries do not contain information about important
clinical features, such as left ventricular ejection fraction and
detailed history of tobacco and alcohol intake, which may
have influenced the postarrest management.
Another important limitation is the lack of complete
information about the treatment in the intensive care unit,
including targeted temperature management, which is not
sufficiently registered in the Danish National Patient Register.
Nonetheless, during recent years, the intensive treatment, at
least for patients with shockable rhythm, has been standard-
ized and conformed to the European guidelines in the whole of
Denmark.3,12
Our study was conducted in Denmark, which limits the
generalizability of the results considering variations in
healthcare systems in different countries. Nevertheless,
many other studies worldwide have previously docu-
mented inequalities in provision of acute cardiovascular
procedures and higher cardiovascular mortality in patients
with psychiatric disorders compared with the general
population.7–10,30
Some of the prehospital OHCA factors such as initial heart
rhythm and ROSC used in the subanalyses for CAG had a
limited amount of missing data. However, the results based
on complete case analysis did not differ substantially from the
main results.
Finally, we used claimed prescriptions for antipsychotics
and antidepressants before OHCA to identify patients with
psychiatric disorders treated in the primary sector. The
indication for psychotropic drugs was unknown, and, albeit
rarely, conditions other than mental diseases are treated with
these drugs.32 However, a sensitivity analysis excluding
tricyclic antidepressants—the antidepressants mostly used
for indications other than psychiatric disorders—yielded
similar results.
Conclusions
Patients with psychiatric disorders who experience OHCA
have half the probability of receiving CAG and a lower
likelihood of having an ICD implanted during the index
hospitalization for OHCA compared with patients without
psychiatric disorders. Among patients undergoing a CAG, we
did not detect differences in the rate of acute coronary
revascularization between the 2 groups. Finally, compared
with psychiatric healthy patients, patients with psychiatric
disorders had a significantly lower 30-day and 1-year survival
following OHCA, even among those who received acute
invasive cardiovascular management.
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SUPPLEMENTAL MATERIAL 
 
 
 
Table S1. Diagnosis codes used to define patients with psychiatric disorders. 
 
 
Diagnosis codes used to define patients with 
psychiatric disorders 
 
Minor psychiatric disorders ICD-10: F10–F19, F40-F99 
ICD-8: 291, 294.30, 299-304, 305-308, 310-315 
Severe mental illness ICD-10: F20-39 
ICD-8: 295-298, 300 
  
Diagnosis codes excluded from the definition of 
patients with psychiatric disorders 
 
Dementia and mental organic disorder  ICD-10: F00-F09 
ICD-8: 290-294 
Acute substance intoxication ICD-10: F100, F110, F120, F130, F140, F150, F160, F170, 
F180, F190 
ICD-8: 303.90 
 
 
 
 
 
 
 
Table S2. List of psychotropic drugs used to identify patients with psychiatric 
disorders. 
 
Psychotropic drug ATC code 
  
Antidepressants   
Tricyclic antidepressants (TCA)  
Imipramin N06AA02 
Clomipramin N06AA04 
Opipramol N06AA05 
Trimipramin N06AA06 
Amitriptylin N06AA09 
Nortriptylin N06AA10 
Doxepin N06AA12 
Dosulepin N06AA16 
Amoxapin N06AA17 
Maprotilin N06AA21 
  
SSRI  
Fluoxetin N06AB03 
Citalopram N06AB04 
Paroxetin N06AB05 
Sertralin N06AB06 
Fluvoxamin  N06AB08 
Escitalopram N06AB10 
  
NASSA  
Mianserin N06AX03 
Mirtazapin N06AX11 
  
SNRI  
Venlafaxin N06AX16 
Duloxetin N06AX21 
  
Other antidepressants  
Isocarboxazid N06AF01 
Moclobemid N06AG02 
Reboxetin N06AX18 
Agomelatin N06AX22 
  
Antipsychotics  
Typical antipsychotics  
Chlorpromazin N05AA01 
Levomepromazin N05AA02 
Perphenazin N05AB03 
Prochlorperazin N05AB04 
Haloperidol N05AD01 
Flupentixol N05AF01 
Chlorprothixen N05AF03 
Zuclopenthixol N05AF05 
Pimozid N05AG02 
Sulpirid N05AL01 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Other atypical  
- Acepromazin N05AA04 
- Fluphenazin N05AB02 
- Periciazin N05AC01 
- Pipamperon N05AD05 
- Bromperidol N05AD06 
  
Atypical antipsychotics  
Ziprasidon N05AE04 
Clozapin N05AH02 
Olanzapin N05AH03 
Quetiapin N05AH04 
Risperidon N05AX08 
Aripiprazol N05AX12 
Other typical  
- Melperon N05AD03 
- Sertindol N05AE03 
- Asenapin N05AH05 
- Amisulprid N05AL05 
- Paliperidon N05AX13 
  
Lithium N05AN01 
 
 
Table S3. Diagnosis codes used to define cardiovascular procedures. 
 
 
Diagnosis codes used to define 
cardiovascular procedures 
  
Coronary angiography UXAC40, UXAC85, UXAC90, UXUC85-
87, UFYA20 
 
   
Coronary revascularization Percutaneous coronary intervention KFNG 
 Coronary artery bypass graft  KFNA, KFNB, KFNC, KFND, KFNE, 
KFNF 
ICD implantation BFCB0, 
BFCB00, BFCB01, BFCB02, BFCB03 
KFPG10, KFPG20 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table S4. Subgroups of patients with psychiatric disorders.  
 
Characteristic Patients who redeemed 
psychotropic drugs 
(%) 
Patients with  
minor psychiatric disorders 
(%) 
 
Patients with  
severe mental illness  
(%) 
Total patients 631 (38.0) * 498 (30.0) * 532 (32.0) * 
Median age (IQR), y 73 (65-81) 59 (49-68) 66 (55-76) 
Men 359 (56.9) 351 (70.5) 287 (53.9) 
Charlson score 
0 
1 
≥ 2 
147 (23.3) 
133 (21.1) 
351 (55.6) 
179 (35.9) 
123 (24.7) 
196 (39.4) 
 
157 (29.5) 
110 (20.7) 
265 (49.8) 
Antipsychotics 115 (18.2) 72 (14.5) 197 (37.0) 
Antidepressants 579 (91.8) 155 (31.1) 329 (61.8) 
Anxiolytics 128 (20.3) 92 (18.5) 134 (25.2) 
Living alone – yes, no. (%) 233 (37.0) 274 (55.4) 316 (59.4) 
SES 
Low tertile, no. (%) 
Medium tertile, no. (%) 
High tertile, no. (%) 
 
246 (39.0) 
235 (37.2) 
150 (23.8) 
243 (48.8) 
162 (32.5) 
93 (18.7) 
268 (50.4) 
183 (34.4) 
81 (15.2) 
    
OHCA-factors    
Arrest in private home, n (%) 406 (70.1) 286 (62.7) 320 (66.3) 
Bystander-witnessed arrest, n (%) 434 (71.5) 322 (69.0) 347 (67.2) 
Bystander CPR, n (%) 346 (57.0) 257 (54.8) 287 (55.5) 
Bystander defibrillation, n (%) 26 (4.5) 19 (4.4) 18 (3.8) 
Median time interval from 
recognition of OHCA to EMS 
arrival, min (IQR) 
10 (6-14) 
 
10 (6-15) 
 
9 (5-14) 
 
Initial shockable rhythm, n (%) 247 (41.3) 200 (41.9) 168 (33.2) 
ROSC at hospital arrival, n (%) 398 (69.2) 309 (71.7) 319 (68.5) 
    
 
 
 
 
* 
Perce
ntage 
of the 
total psychiatric population (1661 patients) 
† ≤24 h from OHCA 
§ During the index-hospitalization from > 24h (i.e. day 2) up to day 30 following OHCA 
 
IQR, interquartile range; SES, socioeconomic status; OHCA, out-of-hospital cardiac arrest; CPR, cardiopulmonary resuscitation; EMS, emergency 
medical system; ROSC, return of spontaneous circulation; CAG, coronary angiography. Note: in the calculation of percentages, we only 
included observations with data for the covariate involved. 
 
 
 
 
 
 
 
 
Table S5. Number of patients with AMI as cause of cardiac arrest in our cohort stratified by psychiatric status. 
Outcome    
30-day survival, n (%) 149 (23.6) 167 (33.5) 137 (25.8) 
1-year survival, n (%) 120 (19.0) 143 (28.7) 119 (22.4) 
    
In-hospital procedure    
CAG 150 (23.8) 164 (32.9) 124 (23.3) 
Acute CAG † 126 (20.0) 136 (27.3) 108 (20.3) 
Subacute CAG § 24 (3.8) 28 (5.6) 16 (3.0) 
 
 
 Patients without psychiatric 
disorders 
(5627) 
Patients with psychiatric 
disorders 
(1661) 
Total AMI 2249 (40.0%) 476 (28.7%) 
   
STEMI 609 (10.8%) 110 (6.6%) 
NSTEMI 259 (4.7%) 40 (2.4%) 
Unspecified AMI 1381 (24.5%) 326 (19.6%) 
 
Percentages are expressed AMI, acute myocardial infarction; STEMI, ST-Elevation Myocardial Infarction; NSTEMI, non-ST segment elevation 
myocardial infarction.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table S6. Hazard ratio with 95% confidence interval (CI) for coronary angiography, coronary revascularization and ICD-implantation in 
patients with and without psychiatric disorders. 
 Hazard ratio (95% CI) 
Coronary angiography   
Reference: patients without psychiatric disorders  
Patients with any psychiatric disorders 0.65 (0.58-0.72) 
  
Subgroups  
Patients who redeemed psychotropic drugs  0.65 (0.55-0.77) 
Patients with minor psychiatric disorders 0.70 (0.60-0.83) 
Patients with severe mental illness  0.59 (0.49-0.70) 
  
  
Coronary revascularization  
Reference: patients without psychiatric disorders  
Patients with any psychiatric disorders 1.05 (0.91-1.21) 
  
Subgroups  
Patients who redeemed psychotropic drugs  0.96 (0.76-1.21) 
Patients with minor psychiatric disorders 1.10 (0.88-1.37) 
Patients with severe mental illness  1.18 (1.02-1.40)  
  
  
ICD implantation  
Reference: patients without psychiatric disorders  
Patients with any psychiatric disorders 0.65 (0.48-0.88) 
 
Models are adjusted for age, sex, Charlson score, socioeconomic status, year of OHCA and OHCA-factors (location of arrest, witnessed status, 
initial cardiac rhythm, bystander CPR and ROSC upon hospital arrival). ICD, implantable cardioverter defibrillator.  
 
 
 
 
Table S7. Patients who received acute CAG and still alive at day 2. 
 
Characteristics Patients without psychiatric 
disorders 
(%) 
Patients with psychiatric 
disorders 
(%) 
Total missing (%) * 
Total patients 1888 (90.9) † 330 (89.2) § 0 
Median age (IQR), y 63 (54-71) 60 (52-69) 0 (0.0) 
Men 1575 (83.4) 237 (71.8) 0 (0.0) 
Charlson score 
0 
1 
≥ 2 
1168 (61.9) 
350 (18.5) 
370 (19.6) 
141 (42.7) 
73 (22.1) 
116 (35.2) 
 
0 (0.0) 
Antipsychotics 0 (0.0) 48 (14.6) 0 (0.0) 
Antidepressants 0 (0.0) 194 (58.8) 0 (0.0) 
Anxiolytics 51 (2.7) 52 (15.8) 0 (0.0) 
Living alone – yes, no. (%) 461 (24.6) 128 (38.8) 14 (0.6) 
SES 
Low tertile, no. (%) 
Medium tertile, no. (%) 
High tertile, no. (%) 
338 (17.9) 
581 (30.8) 
969 (51.3) 
105 (31.8) 
122 (37.0) 
103 (31.2) 
 
0 (0.0) 
    
OHCA-factors    
Arrest in private home, n (%) 936 (52.3) 200 (64.7) 120 (5.4) 
Bystander-witnessed arrest, n (%) 1534 (83.7) 249 (77.8) 65 (2.9) 
Bystander CPR, n (%) 1367 (74.6) 228 (71.3) 65 (2.9) 
Bystander defibrillation, n (%) 228 (13.1) 26 (8.6) 180 (8.1) 
Median time interval from recognition of 
OHCA to EMS arrival, min (IQR) 
9 (6-13) 
 
9 (6-13) 
 
310 (14.0) 
Initial shockable rhythm, n (%) 1637 (89.3) 236 (74.9) 69 (3.1) 
ROSC at hospital arrival, n (%) 1586 (89.6) 280 (94.0) 229 (10.3) 
    
Outcome    
 
 
 
*Expressed as percentage of the total population who received acute CAG and still alive at day 2 (2218 OHCA-patients) 
† Percentage of patients without psychiatric disorders who received an acute CAG (2076 patients) 
§ Percentage of patients with psychiatric disorders who received an acute CAG (370 patients) 
¶ During the index-hospitalization up to day 30 following OHCA 
 
IQR, interquartile range; SES, socioeconomic status; OHCA, out-of-hospital cardiac arrest; CPR, cardiopulmonary resuscitation; EMS, emergency 
medical system; ROSC, return of spontaneous circulation. Note: in the calculation of percentages, we only included observations with data 
for the covariate involved. 
 
 
 
 
 
 
 
 
 
30-day survival, n (%) 1392 (73.7) 197 (59.7) 0 (0.0) 
1-year survival, n (%) 1327 (70.3) 181 (54.8) 0 (0.0) 
    
In-hospital procedure    
Coronary revascularization ¶ 1181 (62.6) 185 (56.1) 0 (0.0) 
 
 
Table S8. Patients who received acute CAG and still alive at day 2 stratified by severity of the psychiatric disorders.  
Characteristic Patients who redeemed 
psychotropic drugs 
Patients with  
minor psychiatric disorders 
Patients with  
severe mental illness  
Total patients 109 (33.0) * 125 (37.9) * 96 (29.1) * 
Median age (IQR), y 66 (58-73) 56 (49-63) 61 (51-71) 
Men 71 (65.1) 97 (77.6) 69 (71.9) 
Charlson score 
0 
1 
≥ 2 
41 (37.6) 
24 (22.0) 
44 (40.4) 
57 (45.6) 
33 (26.4) 
35 (28.0) 
49 (51.0) 
16 (16.7) 
31 (32.3) 
Antipsychotics 15 (13.8) 13 (10.4) 25 (26.0) 
Antidepressants 105 (97.2) 39 (31.2) 49 (51.0) 
Anxiolytics 17 (15.6) 17 (13.6) 18 (18.8) 
Living alone – yes, no. (%) 21 (19.3) 64 (51.2) 43 (44.8) 
SES 
Low tertile, no. (%) 
Medium tertile, no. (%) 
High tertile, no. (%) 
19 (17.4) 
43 (39.4) 
47 (43.1) 
49 (39.2) 
42 (33.6) 
34 (27.2) 
37 (38.5) 
37 (38.5) 
22 (22.9) 
    
OHCA-factors    
Arrest in private home, n (%) 74 (70.5) 66 (57.9) 60 (66.7) 
Bystander-witnessed arrest, n (%) 83 (78.3) 95 (78.5) 71 (76.3) 
Bystander CPR, n (%) 81 (76.4) 77 (63.6) 70 (75.3) 
Bystander defibrillation, n (%) 10 (9.9) 8 (7.0) 8 (9.0) 
Median time interval from 
recognition of OHCA to EMS 
arrival, min (IQR) 
9 (7-13) 
 
9 (6-13) 
 
 
9 (5-13) 
 
Initial shockable rhythm, n (%) 79 (75.2) 89 (74.2) 68 (75.6) 
ROSC at hospital arrival, n (%) 91 (91.9) 108 (94.7) 81 (96.4) 
    
Outcome    
30-day survival, n (%) 65 (59.6) 74 (59.2) 58 (60.4) 
1-year survival, n (%) 62 (56.9) 66 (52.8) 53 (55.2) 
 
 
 
 
 
 
* Percentage of patients with psychiatric disorders who received an acute CAG and still alive at day 2 (330 patients) 
† During the index-hospitalization up to day 30 following OHCA 
 
IQR, interquartile range; SES, socioeconomic status; OHCA, out-of-hospital cardiac arrest; CPR, cardiopulmonary resuscitation; EMS, emergency 
medical system; ROSC, return of spontaneous circulation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
In-hospital procedure    
Coronary revascularization † 60 (55.1) 69 (55.2) 56 (58.3) 
 
 
Figure S1. Flow chart for patients potentially eligible to ICD-implantation during index-hospitalization. 
 
  
 
OHCA: out-of-hospital cardiac arrest; ICD, implantable cardioverter defibrillator; AMI, acute myocardial infarction 
 
 
 
Figure S2. Number of events, age- and sex-standardized incidence rates and incidence rate ratio for acute and subacute coronary 
angiography in patients with and without psychiatric disorders amongst subsets of individuals who were identified by the presence of 
selected pre-hospital OHCA-characteristics: A) witnessed OHCAs who received bystander CPR, B) OHCAs with shockable rhythm, C) 
OHCAs who achieved ROSC upon hospital arrival, and D) OHCAs with shockable rhythm who achieved ROSC upon hospital arrival. 
 
Unit: number of CAGs per 100 in hospital person-days. OHCA, out-of-hospital cardiac arrest; CPR, cardiopulmonary resuscitation; CAG, coronary 
angiography; ROSC, return of spontaneous circulation. 
 
 
Figure S3. Number of events, age- and sex-standardized incidence rates and incidence rate ratio for acute and subacute coronary 
angiography in patients with and without psychiatric disorders according to the Charlson score (Charlson=0 3210 patients, Charlson=1 
1494, Charlson ≥ 2 2584). 
 
 
Unit: number of CAGs per 100 in hospital person-days. CAG, coronary angiography. 
 
 
Figure S4. Number of events, age- and sex-standardized incidence rates and incidence rate ratio for acute and subacute coronary 
angiography in patients with and without psychiatric disorders according to the socioeconomic status (low tertile: 2429 patients, middle 
tertile: 2430 patients, high tertile: 2429 patients). 
 
Unit: number of CAGs per 100 in hospital person-days. CAG, coronary angiography. 
 
Figure S5. Number of events, age- and sex-standardized incidence rates and incidence rate ratio for acute and subacute coronary 
angiography in patients with and without psychiatric disorders stratified by the calendar year of cardiac arrest (2001-2007: 2385 patients; 
2008-2015: 4903 patients). 
Unit: number of CAGs per 100 in hospital person-days. CAG, coronary angiography. 
Figure S6. Age-standardized incidence rates and incidence rate ratio for acute and subacute coronary angiography in patients with and 
without psychiatric disorders stratified by sex (male: 5308 patients, female: 1980 patients). 
Unit: number of CAGs per 100 in hospital person-days. CAG, coronary angiography. 
Figure S7. Number of patients, events, age- and sex-standardized incidence rates and incidence rate ratio for acute coronary angiography 
(≤1 day post-OHCA) in STEMI-patients with and without psychiatric disorders. 
Unit: number of CAGs per 100 in hospital person-days. STEMI, ST-Elevation Myocardial Infarction; CAG, coronary angiography. 
The models are adjusted for sex, age, Charlson score, socioeconomic status, year of arrest and pre-hospital OHCA-characteristics (location of 
arrest, witnessed status, initial cardiac rhythm, bystander CPR and ROSC upon hospital arrival). CAG, coronary angiography; OHCA: out-of-
hospital cardiac arrest; CPR, cardiopulmonary resuscitation; ROSC, return of spontaneous circulation.  
A 
B 
Figure S8. Odds ratio for 30-day and 1-year survival in patients with psychiatric disorders stratified by severity of the disorder compared to patients without psychiatric disorders: 
A) overall population and B) patients who received acute CAG still alive at day 2. 
A
The models are adjusted for sex, age, Charlson score, socioeconomic status,  year of arrest and pre-hospital 
OHCA-characteristics (location of arrest, witnessed status, initial cardiac rhythm, bystander CPR and ROSC upon 
hospital arrival). Reference: patients without psychiatric disorders. Complete case analyses of 6324 OHCA 
patients. CAG, coronary angiography.  
B
Figure S9. A) Number of events, age- and sex-standardized incidence rates and incidence rate ratio for acute and subacute CAG in patients with 
and without psychiatric disorders. Unit: number of CAGs per 100 person-days in hospital. B) Odds ratio for 30-day and 1-year survival in 
patients with any psychiatric disorders compared to patients without psychiatric disorders in overall population and among patients who 
received acute CAG still alive at day 2. 
